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Occupational exposure to dust: inflammation and
ischaemic heart disease

Bengt Sjogren

Abstract
Objectives-To review the possible associ-
ation between occupational exposure to
dust and ischemic heart disease (IHD).
Methods-A literature search was per-
formed of relevant studies regarding IHD
in specific exposures to dust. The chosen
exposures were arsenic, asbestos, beryl-
lium, lead, polycyclic aromatic hydrocar-
bons, and quartz. The chosen occupations
were farmers, paper and paper pulp
workers, sawyers, and welders.
Discussion-A theory was launched in
1995 that urban particulate air pollution
may provoke alveolar inflammation, with
release ofmediators capable ofincreasing
blood coagulability in susceptible people
and cause cardiovascular deaths. The
present review expands this hypothesis
and links occupational exposure to in-
haled particles with the occurrence of
ischaemic heart disease.
Conclusion-This hypothesis should be
tested by comparing the concentrations of
fibrinogen in workers exposed and non-
exposed to particles with control for other
possible confounders such as smoking
habits.
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Fibrinogen has emerged as an important risk
factor for ischaemic heart disease (IHD).1 2 It is
also fairly well established that fibrinogen is
positively correlated with several of the
traditional risk factors for IHD such as age,
cigarette smoking, diabetes, systolic blood
pressure, and plasma low density lipoprotein.'
An increased plasma concentration of fibrino-
gen is a part of the inflammatory response gen-
erally referred to as the "acute phase re-

sponse". An increased number of neutrophils
in the peripheral blood is another expression of
this response4 and this is also an indicator of
IHD.'

In 1995 Seaton and coworkers5 launched the
theory that urban particulate air pollution may
provoke alveolar inflammation, with release of
mediators capable of increasing blood coagula-
bility in susceptible people. This mechanism
would explain the observed increases of
cardiovascular deaths associated with episodes
ofurban pollution . The theory focused on nm
sized particles found in urban air and derived
mainly from combustion.

The present review expands the hypothesis
and links occupational exposure to inhaled
particles to the occurrence of IHD. Long term
inhalation of particles from the work environ-
ment will hypothetically create a low grade
inflammation, which is associated with an
increase in plasma fibrinogen. The high
concentrations of fibrinogen will then increase
the risk ofmyocardial infarction and IHD. This
review and hypothesis are parts of a large
project on work organisation, lipids, and
fibrinogen (WOLF) currently in progress at the
National Institute of Working Life and the
Karolinska Institute.
One model for this link between inhaled par-

ticles and IHD is cigarette smoke. Inhalation of
particles and gases from cigarette smoke is
associated with an increased number of neu-
trophils in peripheral blood,6 an increased con-
centration of fibrinogen,7 and higher incidence
of ischaemic heart disease. However, the
increased risk for IHD among smokers is not
totally explained by the increased concentra-
tions of fibrinogen.'
A literature search of case-control studies

on IHD in specific exposures to dust was
performed in Medline during 1990-6 and
NIOSHTIC during 1986-96. These studies
together with some other studies of specific
exposures to dust or occupations are presented
and the hypothesis is further discussed.

Quartz
A Swedish case-control study of 26 847 men
who had had myocardial infarctions and for
each case two controls were selected from the
study base through random sampling, stratified
by age, county, and socioeconomic group. The
second highest risk was found among stonecut-
ters and carvers (relative risk (RR) 1.9, 95%
confidence interval (95% CI) 1.1 to 3.4). This
high risk could not be explained by differences
in smoking habits.8
A case-control study was performed within a

cohort of 3971 white South African gold min-
ers. The RR for IHD after 10 years of
underground service was 1.5 (P=0.004) after
adjustment for blood pressure, smoking, and
body mass index.9 However, this result could
not be repeated in a case-control study within a
larger cohort of 4925 gold miners.'0

Asbestos
Ischaemic heart disease was studied in a cohort
of 1725 Swedish male shipyard workers
exposed to asbestos. The analyses were strati-
fied for age and smoking. Men with asbestosis
or suspected asbestosis had a significantly
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higher risk (RR 3.1, 95% CI 1.5 to 6.4) of
dying from IHD than did men without
asbestosis. Men with impaired lung function
also had a significantly increased risk of dying
from IHD."'
An increased mortality due to diseases of the

circulatory system has also been found among
workers exposed to chrysotile asbestos in the
United States (standardised mortality ratio
(SMR) 1.3, P<0.05). The smoking habits in
this cohort were about the same as in the con-
trol group of United States men."2

Polycyclic aromatic hydrocarbons
Chimney sweeps are exposed to polycyclic aro-
matic hydrocarbons (PAHs). Both a Danish
and a Swedish study of chimney sweeps found
an excess mortality from IHD. The Danish
cohort consisted of 713 chimney sweeps and
used employed men as controls (SMR 2.2)."
The Swedish cohort consisted of more than
5000 chimney sweeps and used national death
rates as reference. The SMR was 1.2 (95% CI
1.0 to 1.3) after adjustment for smoking
habits. 14

A case-control study in a large aluminium
production complex was performed in Canada.
There was a significantly higher risk of IHD
among blue collar workers, in particular among
prebake potroom workers (odds ratio (OR)
2.3, 95% CI 1.3 to 4.0) after adjustment for
smoking, hypertension, hyperglycaemia, hyper-
cholesterolaemia, and obesity. These potroom
workers were exposed to PAHs but also to sev-
eral other air pollutants.'5 A Norwegian study
of potroom workers found an association
between exposure to tar and atherosclerotic
disease.'6
Car mechanics are exposed to PAHs but also

to anticorrosives, solvents, and mineral oils. A
cohort of Danish car mechanics were com-
pared with skilled workers. The mechanics had
a higher risk for IHD (SMR 1.2,95% CI 1.0 to
1.5). Smoking was an unlikely confounder as
the SMR for lung cancer was 1.0."

Arsenic
Kristensen presented a comprehensive review
on chemical factors and cardiovascular dis-
eases in 1989.18 Some studies of cohorts
exposed to arsenic have had increased SMRs
compared with the general population. A case-
control study showed an RR of 2.1 (90% CI
1.2 to 3.5) for heart disease. This study showed
a dose-response pattern.'9

Beryllium
Mortality was studied in a cohort of 3055
workers exposed to beryllium. A significantly
increased RR was found for heart diseases
(SMR 1.13, P<0.05). A higher risk was found
among the workers with employment of less
than five years (SMR 1.10) as well as among
those employed for five years or more (SMR
1.29). The smoking habits were about the same
as in the control group of United States men.20

Lead
In his review, Kristensen concluded that there
is a causal relation between lead exposure and

blood pressure and there is an increased
incidence of cerebrovascular diseases among
workers occupationally exposed to lead.'8 If
workers exposed to lead have IHD it might be
an expression of high blood pressure.

Farmers
Farmers are exposed to organic dust contain-
ing several components-for example, endo-
toxin, mites, and moulds. This exposure causes
allergic and inflammatory respiratory diseases
such as asthma, chronic bronchitis, and allergic
alveolitis.2'

Finnish farmers had the highest mean
concentration of plasma fibrinogen (3.07 g/l)
when compared with blue collar workers (3.03
g/l) and white collar workers (2.98 g/l). The
difference between farmers (n=841) and white
collar workers (n=837) was small but
significant.22

In another Finnish study female farmers had
a higher risk of coronary deaths when com-
pared with white collar workers (RR 1.7, 95%
CI 1.0 to 2.8), after adjustment for age, smok-
ing serum cholesterol, and blood pressure.
However this was not found in male farmers
(RR 0.9, 95% CI 0.7 to 1.2).23
Swedish farm managers and supervisors had

an increased risk of myocardial infarction (RR
1.6, 95% CI 1.0 to 2.6), after adjustment for
age, county, and socioeconomic group.8 How-
ever, this was not supported by a Swedish study
of 60 000 farmers and 2.8 million economically
active controls. The morbidity was studied
from the statistics collected from the counties
responsible for hospitals in Sweden for the
period 1978-83. Male farmers had fewer
cardiovascular diseases (SMR 0.74, 95% CI
0.70 to 0.77) but the female farmers did not
differ from the controls (SMR 1.01, 95% CI
0.90 to 1.13).24 Swedish farmers are known to
smoke less than average but smoking was not
adjusted for in the analysis. The adjustment for
county and socioeconomic group might reduce
the effect that people in the countryside are less
prone to seek medical care than people in big
cities. Self employed people and entrepreneurs
are also less inclined to make use of medical

24services. Thus, several factors might explain
the differences between the two Swedish stud-
ies.

Sawyers
In the Swedish case-control study already
described8 the third highest risk was found
among frame and circular sawyers and planers
(RR 1.7, 95% CI 1.0 to 3.0), who are mainly
exposed to wood dust. The risk estimate was
adjusted for age, county, and socioeconomic
group.

Paper and paper pulp workers
Health risks among paper and paper pulp
workers have recently been reviewed by Toren
and coworkers.25 These workers are exposed to
several more or less irritant gases such as chlo-
rine, chlorine dioxide, sulfur dioxide, and
terpenes as well as paper dust. Exposure to
high concentrations of paper dust (> 5 mg/m')
has caused impaired lung function.25 In the
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study by Hammar and coworkers8 increased
risks of myocardial infarctions were found for
paper and paperboard workers (RR 1.6, 95%
CI 1.0 to 2.7) and paper pulp workers (RR 1.3,
95% CI 1.0 to 1.7) after adjustment for age,
county, and socioeconomic group.

Welders
Welders are exposed to several gases and
respirable particles. Chronic bronchitis and
impaired lung function have been found
among these workers.26 An increased risk of
myocardial infarction has been found among
welders and flame cutters (RR 1.1, 95% CI 1.0
to 1.3).8 When socioeconomic group is taken
into account the RR was 1.0 (95% CI, 0.9 to
1.2). It could be argued that an adjustment for
socioeconomic group results in overmatching.
This means that welders exposed to particles
are compared with occupational groups with
the same socioeconomic stratum and these
groups contain a large proportion of workers
who are exposed to high concentrations of par-
ticles.
A cross sectional study ofwelders working in

stainless steel was recently reported at the 25th
International Congress on Occupational
Health. The welders (n=240) were compared
with 1159 randomly selected men. An in-
creased risk was found for symptoms of angina
pectoris after adjustment for age and smoking
habits (RR 2.6, 95% CI 1.2 to 5.7).27

Discussion
Most previous cohort studies of workers
exposed to dust have shown a decreased risk
for IHD when these groups have been
compared with national death rates. This
decreased risk is well known as the healthy
worker effect and is explained by the lack of
comparability between the particular group of
workers and the general population which will
include sick and disabled people unable to
work.28 This is the explanation why IHD has
seldom been studied with proper designs in the
field of occupational medicine. On the other
hand the relation between a decreased lung
function and IHD has been studied by several
groups, without considering specific exposures.
Thus occupational exposure to dust and IHD
have not been focused at the same time.
Some inhaled particles-for example, quartz

and asbestos-are known to induce an inflam-
matory process with fibrosis in the lungs. It
seems obvious that particles have different
abilities to provoke a low grade inflammation in
the lungs.
A recently published Finnish cohort study of

19 444 randomly selected men and women
were followed up for 13 years. People with
chronic bronchitis, defined as cough with
phlegm during most days or nights for at least
three months a year, had a higher risk for
coronary disease and coronary deaths. The risk
ratio among men was 1.4 (95% CI 1.2 to 1.6)
for coronary disease and 1.6 (95% CI 1.3 to
1.9) for coronary deaths, after adjustment for
smoking, serum cholesterol, and systolic blood
pressure. The corresponding risk ratios for
women were 1.3 (95% CI 1.0 to 1.7) for

coronary disease and 1.4 (95% CI 0.9 to 2.2)
for coronary deaths. This pattern was found for
both white and blue collar workers.29 It is gen-
erally accepted that long term industrial expo-
sure to dusts and irritant gases will lead to the
development of cough and sputum.30 It might
be possible that chronic bronchitis caused by
inhalation of industrial dusts is associated with
IHD.

Several studies have found a relation be-
tween a decreased lung function expressed as
vital capacity,3' forced expiratoryvolume in one
second (FEV,),32 FEV%,33 or peak expiratory
flow34 and IHD. A relation between decreased
lung function (vital capacity (VC) and FEV,)
and increased concentrations of fibrinogen has
also been shown in a study of 788 Swedish
men.35
Lower social classes have in general higher

mean concentrations of plasma fibrinogen
compared with higher social classes7 36 37 and
this has been suggested as the explanation of
the class differences ofIHD. It could be argued
that the proportion of people exposed to parti-
cles is higher in lower than in higher social
classes. The source of this exposure to particles
could be environmental as well as occupa-
tional. It has also been shown that manual
workers have higher concentrations of fibrino-
gen than non-manual workers.38

Hepatocytes are stimulated to secrete fi-
brinogen by interleukin-6 (IL-6).39 The serum
concentrations of IL-6 increased in previously
non-exposed subjects after the inhalation of
swine dust.40 Welders exposed to zinc contain-
ing welding fumes increased their concentra-
tions of IL-6 in bronchoalveolar lavage.4' An
increase of IL-6 in nasal lavage fluid has also
been found in volunteers exposed to fumes
generated in a sawmill.42 Thus exposure to dif-
ferent agents in some of the occupations asso-
ciated with an increased risk of IHD (farmers,
welders, and sawyers) can result in increased
concentrations of IL-6 in some biological
fluids. These concentrations might hypotheti-
cally stimulate the liver cells to secrete more
fibrinogen.
a 1-Antitrypsin is also one of the acute phase

responders. High concentrations of al-
antitrypsin have been found among Canadian
non-cedar sawmill workers.43 In some diseases
there is a close relation between plasma
concentrations of al-antitrypsin and
fibrinogen,44 suggesting that exposure to wood
dust may increase the plasma concentrations of
fibrinogen.
During the 1970s and 1980s there has been

a decline in IHD mortality in several western
countries.45 This decline may be explained to
some extent by less air polluted urban5 and
work environments.

Other chronic inflammations with a con-
comitant increase in fibrinogen would theoreti-
cally increase the occurrence of IHD. It has
recently been shown that infections of Helico-
bacter pylon and Chlamydia pneumoniae are
both associated with increased concentrations
of plasma fibrinogen and an increased risk of
IHD.46

468



Occupational exposure to dust: inflammation and ischaemic heart disease

Rheumatoid arthritis is a chronic inflamma-
tory disease of the joints. Some cohort studies
have found an increased number of cardiovas-
cular deaths among such patients.4" Monson
and Hall4" showed an increased number of
deaths due to IHD despite the use of aspirin.
Aspirin may be the reason why the results from
all studies are not consistent.
This hypothesis can be tested comparing the

concentrations of fibrinogen in workers ex-
posed and non-exposed to particles with
control for other possible confounders such as
smoking habits. This could possibly be per-
formed in some of the older studies with large
populations.
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Ingvar Lundberg, Anthony Seaton, and Peter Westerholm. I
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